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The semileptonic decays of the open charm-bottom axial-vector tetraquark Zs = [cs][bs] to
X(4274)lνl, l = e, µ, τ are explored by means of the QCD three-point sum rule method. Both
Zs and X(4274) = [cs][cs] are treated as color sextet diquark-antidiquark states. The full width of
the decays Zs → X(4274)lνl is found. Obtained predictions for Γ(Zs → X(4274)lνl) demonstrate
that, as in the case of the conventional hadrons, the semileptonic transitions form a very small part
of its full width.
I. INTRODUCTION
The hadronic inclusive and exclusive processes, their
experimental investigation and interpretation within ex-
isting theories and models are sources of valuable infor-
mation on structures and properties of elementary par-
ticles. The increasing precision of experimental studies
allows one not only to measure parameters of the well
known baryons and mesons, but also to discover new
multiquark or exotic states. These states were theo-
retically predicted already in the context of the quark
model [1, 2], but the first strong evidence for their exis-
tence appeared only in 2003, when the Belle Collabora-
tion announced about the observation of the four-quark
state X(3872) [3]. The narrow charmonium-like state
X(3872) was later confirmed independently by different
collaborations such as D0, CDF and BaBar experiments
[4–6]. During the time passed from this discovery due to
throughout investigations of B meson decays, e+e− and
pp annihilations, pp collisions and other processes by the
Belle, BaBar, BESIII, LHCb, D0 collaborations wide in-
formation is collected on the masses, decay widths and
quantum numbers of the exotic particles. Now the exotic
states observed and studied experimentally constitute a
new and broad family of XY Z particles.
Considerable efforts were made also to understand the
features of the exotic states and calculate their parame-
ters within existing theoretical models or to invent new
approaches for solving unusual problems emerged with
their discovery. All theoretical methods and computa-
tional schemes of high energy physics starting from bag
and quark models and ending by sum rules calculations
were activated to meet challenges of a new situation. The
details of the performed theoretical and experimental in-
vestigations, information on achievements and existing
problems can be found in the reviews Refs. [7–15] and in
references therein.
The theoretical papers devoted to exotic states are
concentrated mainly on studies of their internal quark-
gluon structure, spin, parity and C-parity, on calcula-
tions of their spectroscopic parameters using numerous
approaches. Strong decay channels of the exotic parti-
cles also attract the interests of physicists, but progress
achieved in this branch of investigations is considerably
modest if compared to the one made in other fields.
There are articles in the literature where the hadronic
decays of the four-quark (tetraquark) states were ana-
lyzed by means of different methods and partial widths
some of these modes were found. Among these papers it
is worth noting Refs. [16–21], where strong decays of the
tetraquarks were studied on the basis of the sum rules
method. In the framework of alternative approaches the
similar hadronic decays of the tetraquarks, as well as
their radiative and dilepton decay modes were considered
also in Refs. [22–27].
Recently, information on the magnetic dipole and
quadrupole moments of some of the tetraquarks calcu-
lated by employing QCD light-cone sum rules approach
became available [28–30]. There is an evident neces-
sity to extend the type of investigated processes with
tetraquarks to gain more detailed information on their
structure and decay properties that may be checked in
future experiments. This is also important to build a
reliable framework for further theoretical analyses. In
the present work we pursue namely this goal: we are
going to calculate the width of the semileptonic decay
Zs → X(4274)lνl using the standard methods of QCD
three-point sum rules. This will allow us not only to
check consistency of the applied method but also to get
first estimates for the rates of the tetraquark’s semilep-
tonic decays.
The axial-vector state Zs = [cs][bs] belongs to the
class of the open charm-bottom tetraquarks and has the
symmetric or sextet-type color structure [31]. The spec-
troscopic parameters of the scalar and axial-vector open
charm-bottom color sextet tetraquarks, as well as par-
tial width of their strong decays were computed in Refs.
[32, 33]. These exotic states have not been seen in experi-
ments yet, and still have a status of interesting but hypo-
thetical particles. On the contrary, the group of four X
resonances was recently studied by the LHCb Collabora-
tion, which reported its results of analysis of the exclusive
decays B+ → J/ψφK+, and confirmed the existence of
the resonances X(4140) and X(4274) in the J/ψφ invari-
ant mass distribution [34, 35]. The LHCb also discovered
2the heavy resonances X(4500) and X(4700) in the same
J/ψφ channel. The collaboration measured masses and
decay widths of these states, and determined their spin-
parities, as well. It turned out, that the quantum num-
bers of X(4140) and X(4274) are JPC = 1++, whereas
the X(4500) and X(4700) are the scalar particles with
JPC = 0++. But apart from this standard analysis the
LHCb Collaboration on the basis of the collected exper-
imental information ruled out a treating of the X(4140)
as 0++ or 2++ D∗+s D
∗−
s molecular states. The LHCb
also emphasized that molecular bound-states or cusps
can not account for the X(4274) resonance. This infor-
mation considerably restricts the possible interpretation
of the X states. Thus, in Ref. [36] they were identi-
fied as the members of 1S and 2S multiplets of color
triplet [cs]s=0,1[cs]s=0,1 tetraquarks. In accordance with
this scheme X(4140) was identified with the JPC = 1++
level of the 1S ground-state multiplet. Then the reso-
nance X(4274) is presumably a linear superposition of
two states with JPC = 0++ and JPC = 2++. The heavy
resonances X(4500) and X(4700) were included into the
2S multiplet as its JPC = 0++ members. But besides the
color triplet multiplets there may exist a multiplet of the
color sextet tetraquarks [37], which also contains a state
with JPC = 1++. In other words, the multiplet of the
color sextet tetraquarks doubles a number of the states
with the same spin-parity, and the resonance X(4274)
may be identified with the JPC = 1++ member of this
multiplet.
In our previous paper [38] we studied the axial-vector
resonances X(4140) and X(4274) using the diquark-
antidiquark picture for their internal organization, and
color triplet and sextet type currents to interpolate
X(4140) and X(4274), respectively. We computed their
spectroscopic parameters and decay widths. In the
present work we will use the information about the reso-
nance X(4274) obtained in Ref. [38].
This work is structured in the following manner: In
Sec. II we derive the QCD three-point sum rules for the
transition form factors Gi(q
2) i = 1, 2, 3, 4 which are im-
portant ingredients of our calculations. In the next sec-
tion we derive the differential decay rate dΓ/dq2 and
perform numerical analysis of the derived expressions.
First, we evaluate the sum rules for Gi(q
2), fit them
by the functions Fi(q
2) and finally calculate the decay
width Γ(Zs → X(4274)lνl), l = e, µ and τ that are
kinematically allowed semileptonic decay channels of the
tetraquark Zs. The last section contains an analysis of
the obtained results and our brief concluding notes. The
lengthy expression for the correlation and some other
functions are removed to the Appendix.
II. SUM RULES FOR THE TRANSITION FORM
FACTORS Gi(q
2)
The semileptonic decay of the open charm-bottom
tetraquark Zs to X(4274)lνl proceeds through transition
b → W+c and decay W+ → lνl, as it is depicted in Fig.
1. The mass of the Zs state
m = 7.30± 0.76 GeV, (1)
evaluated in Ref. [33] is large enough, and it is evident
that all decays l = e, µ and τ are kinematically allowed
processes.
The tree-level transition b→ c can be described using
the effective Hamiltonian
Heff = GF√
2
Vbccγµ(1− γ5)blγµ(1− γ5)νl, (2)
where GF is the Fermi coupling constant and Vbc is
the corresponding element of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix. After sandwiching the Heff
between the initial and final states we get the matrix
element for the weak transition current
J trα = cγα(1− γ5)b, (3)
parameterized in terms of the form factors Gi(q
2)
〈X(p′, ǫ′)|J trα |Zs(p, ǫ)〉 = ǫθǫ′β
[
G1(q
2)gθβ(p+ p
′)α
+G2(q
2) (qθgαβ − qβgαθ)− G3(q
2)
2m2
qθqβ(p+ p
′)α
]
+G4(q
2)εαθρβǫ
θǫ′ρ(p+ p′)β , (4)
where m is the mass of the tetraquark Zs, whereas by
(p, ǫ) and (p′, ǫ′) we denote the momenta and polariza-
tion vectors of the Zs and X(4274), respectively. In
Eq. (4) q = p − p′ is the momentum transfer in the
weak transition process: q2 changes within the limits
m2l ≤ q2 ≤ (m−mX)2, where mX and ml are the masses
of the resonance X(4274) and lepton l.
The transition form factors Gi(q
2) are key components
in our investigations. In order to derive the sum rules
for these quantities we begin from the calculation of the
three-point correlation function
Πµαν(p, p
′) = i2
∫
d4xd4ye−ipxeip
′y
×〈0|T {JXν (y)J trα (0)J
†
µ(x)}|0〉 (5)
where Jµ(x) and J
X
ν (y) are the interpolating currents to
the Zs and X(4274) states, respectively. They are given
by the following expressions:
Jµ(x) = s
T
aCγ5cb
(
saγµCb
T
b + sbγµCb
T
a
)
, (6)
and
JXν (y) = s
T
aCγ5cb
(
saγνCc
T
b + sbγνCc
T
a
)
+sTaCγνcb
(
saγ5Cc
T
b + sbγ5Cc
T
a
)
. (7)
In the equations above C is the charge conjugation oper-
ator, a and b are the color indices.
3The standard prescriptions of the sum rules require
computation of the correlation function Πµαν(p, p
′) em-
ploying both the physical parameters of the involved par-
ticles, i. e. their masses and couplings and also using
the quark propagators, which give rise to ΠOPEµαν (p, p
′) in
terms of quark, gluon and mixed vacuum condensates.
By matching the obtained results and invoking the as-
sumption on the quark-hadron duality it is possible to
extract sum rules and evaluate the physical parameters
of interest.
Taking into account contribution arising only from
the ground-state particles one can easily write down
ΠPhysµαν (p, p
′) in the following form
ΠPhysµαν (p, p
′) =
〈0|JXν |X(p′, ǫ′)〉〈X(p′, ǫ′)|J trα |Zs(p, ǫ)〉
(p2 −m2)(p′2 −m2X)
×〈Zs(p, ǫ)|J
†
µ|0〉+ . . . , (8)
where contributions coming from the excited and contin-
uum states are shown by dots.
The physical side of the required sum rules can be ex-
pressed in terms of the Zs and X(4274) states’ param-
eters, as well as matrix element 〈X(p′, ǫ′)|J trα |Zs(p, ǫ)〉
written down using weak transition form factors Gi(q
2).
The matrix elements of the Zs and X(4274) states are
rather simple:
〈0|JXν |X(p′, ǫ′)〉 = fXmXǫ′ν , (9)
and
〈0|Jµ|Zs(p, ǫ)〉 = fmǫµ. (10)
In Eqs. (9) and (10) f and fX are the couplings of
the states Zs and X(4274), respectively. The vertex
〈X(p′, ǫ′)|J trα |Zs(p, ǫ)〉 has more complicated expansion
(see, Eq. (4)), and is modeled by means of the four uni-
versal transition form factors Gi(q
2) which can be used
for calculating all of the three semileptonic decays.
Substituting the relevant matrix elements into Eq. (8)
we get the final expression for ΠPhysµαν (p, p
′, q2)
ΠPhysµαν (p, p
′, q2) =
fmfXmX
(p2 −m2)(p′2 −m2X)
{
G1(q
2)pαgµν
+G2(q
2)
[
1− m
2 −m2X + q2
2m2
]
pµgαν
−G3(q
2)
2m2
pαpνp
′
µ +G4(q
2)εθαµνpθ
}
+ . . . . (11)
By dots in ΠPhysµαν (p, p
′, q2) we denote not only effects due
to the excited and continuum states, but also contribu-
tions of structures which will not be used to derive the
sum rules.
The QCD side of the sum rules can be found by
employing Πµαν(p, p
′) given by Eq. (5), using the in-
terpolating currents and by contracting corresponding
quark fields. These calculations lead to ΠOPEµαν (p, p
′, q2),
expression of which in terms of the heavy and light
b¯ c¯
W+
l¯ νl
Zs X(4274)
s
s¯
c
x y
0
FIG. 1: The diagram corresponding to the semileptonic decay
Zs → X(4274)lνl.
s−quark propagators is presented in the Appendix. In
computations we use the s-quark and heavy quark prop-
agators given by the formulas
Sabs (x) = iδab
/x
2π2x4
− δab ms
4π2x2
− δab 〈ss〉
12
+iδab
/xms〈ss〉
48
− δab x
2
192
〈sgsσGs〉+ iδabx
2/xms
1152
×〈sgsσGs〉 − i gsG
αβ
ab
32π2x2
[/xσαβ + σαβ/x] + . . . (12)
and (Q = b or c)
SabQ (x) = i
∫
d4k
(2π)4
e−ikx
{
δab (/k +mQ)
k2 −m2Q
−gsG
αβ
ab
4
σαβ (/k +mQ) + (/k +mQ)σαβ
(k2 −m2Q)2
+
g2sG
2
12
δabmQ
k2 +mQ/k
(k2 −m2Q)4
+ . . .
}
, (13)
and take into account terms up to dimension five.
The correlation function ΠOPEµαν (p, p
′, q2) contains
the same Lorentz structures as its counterpart
ΠPhysµαν (p, p
′, q2). We use the same structures and cor-
responding invariant amplitudes to obtain the required
sum rules for the form factors Gi(q
2). But before that
we make double Borel transformation over variables p2
and p′2 to suppress contributions of the higher excited
and continuum states, and perform continuum subtrac-
tion. These rather routine manipulations give the sum
rules for the form factors Gi(q
2). For Gi(q
2), i = 1 and
44 we get the similar sum rules
Gi(M
2, s0, q
2) =
1
fmfXmX
∫ s0
M2
1
ds
∫ s′
0
M2
2
ds′
×ρi(s, s′, q2)e(m
2
−s)/M2
1 e(m
2
X
−s′)/M2
2 , (14)
where M21 , M
2
2 are the Borel parameters, and s0, s
′
0 are
the continuum threshold parameters that separate the
main contribution to the sum rules from the continuum
effects. The limits of the integrals in Eq. (14) and in
expressions presented below are defined in the form
M21 = (mb +mc + 2ms)2, M22 = (2mc + 2ms)2. (15)
The remaining two sum rules read:
G2(M
2, s0, q
2) =
2m
fXmXf(m2 +m2X − q2)
×
∫ s0
M2
1
ds
∫ s′
0
M2
2
ds′ρ2(s, s
′, q2)e(m
2
−s)/M2
1 e(m
2
X
−s′)/M2
2 ,
(16)
and
G3(M
2, s0, q
2) = − 2m
fXmXf
∫ s0
M2
1
ds
∫ s′
0
M2
2
ds′
×ρ3(s, s′, q2)e(m
2
−s)/M2
1 e(m
2
X
−s′)/M2
2 . (17)
As is seen the sum rules are written down using the
spectral densities ρi(s, s
′, q2) which are proportional to
the imaginary part of the corresponding invariant ampli-
tudes in ΠOPEµαν (p, p
′, q2). All of them contain both the
perturbative and nonperturbative contributions and are
calculated with dimension-5 accuracy. Their explicit ex-
pressions are very cumbersome, therefore we refrain from
providing them here. Sum rules for Gi(q
2) will be used in
the next section to find corresponding fit functions Fi(q
2)
and calculate the width of the semileptonic decays.
III. WIDTH OF THE DECAY Zs → X(4274)lνl
AND NUMERICAL RESULTS
The differential decay rate of the process Zs →
X(4274)lνl can be calculated using well known formu-
las: it is given by the expression
dΓ
dq2
=
G2F |Vcb|2
3 · 29π3m3
(
q2 −m2l
q2
)
λ
(
m2,m2X , q
2
)
×
[
i=4∑
i=1
G2i (q
2)Ai(q2) +G1(q2)G2(q2)A12(q2)
+G1(q
2)G3(q
2)A13(q2) +G2(q2)G3(q2)A23(q2)
]
,
(18)
where
λ
(
m2,m2X , q
2
)
=
[
m4 +m4X + q
4
−2(m2m2X +m2q2 +m2Xq2)
]1/2
.
In these calculations we neglect the mass of the neutrino
νl. The decay rate dΓ/dq
2 depends on the transition form
factors Gi(q
2), and on functions Ai(q2) and Aij(q2) ex-
plicit expressions of which are collected in the Appendix.
Therefore, as the first step in this situation we fulfil the
calculation of the form factors from sum rules and fit
them by simple formulas which allow us to perform inte-
gration over the whole region of momentum transfer q2
and evaluate Γ.
Technical sides of numerical calculations in the con-
text of the sum rules approach are well known. In-
deed, the sum rules given by Eqs. (14), (16) and (17)
through the spectral densities ρi(s, s
′, q2) depend on the
quark, gluon and mixing condensates, numerical values
of which should be specified. Apart from these input pa-
rameters they contain also masses and couplings of the
tetraquarks Zs and X(4274), as well as masses of the s,
c and b−quarks.
The spectroscopic parameters of the tetraquarks were
evaluated in Refs. [33] and [38]: the mass of the Zs state
is given by Eq. (1), and its coupling is equal to
f = (0.63± 0.19) · 10−2 GeV4. (19)
The same parameters of the resonance X(4274) read:
mX = 4264± 117 MeV,
fX = (0.94± 0.16) · 10−2 GeV4. (20)
The mass of the quarks are borrowed from Ref. [39]
ms = 128 ± 10 MeV, mc = 1.28 ± 0.03 GeV and mb =
4.18+0.04
−0.03 GeV (let us note that the mass of the s-quark
is rescaled to the normalization point µ20 = 1 GeV
2). For
the Fermi coupling constant GF and CKM matrix ele-
ment |Vbc| we use:
GF = 1.16637 · 10−5 GeV−2,
|Vbc| = (41.2± 1.01) · 10−3. (21)
Besides that we fix values of the quark, gluon and mixed
local operators, which contain important nonperturba-
tive information. For these quantities we utilize their
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FIG. 2: The form factor G1(q
2) at fixed q2 = 4 GeV as a function of the Borel parameter M21 (left panel), and as a function
of the M22 (right panel).
well known values
〈q¯q〉 = −(0.24± 0.01)3 GeV3, 〈s¯s〉 = 0.8 〈q¯q〉,
m20 = (0.8± 0.1) GeV2, 〈qgsσGq〉 = m20〈qq〉,
〈sgsσGs〉 = m20〈s¯s〉,
〈αsG
2
π
〉 = (0.012± 0.004)GeV4. (22)
Sum rules depend also on auxiliary parameters M21 , M
2
2
and s0, s
′
0 which should comply with standard con-
straints: at M21,2,max prevalence of the pole contribution
(PC) over other terms, and for M21,2,min convergence of
the operator product expansion has to be satisfied. Min-
imal dependence of evaluated quantities on the Borel pa-
rameters is also among the restrictions that have has to
be meet when choosing the domain (s0, s
′
0)
For the initial tetraquark Zs channel we fix
M21 ∈ [8, 10] GeV2, s0 ∈ [56, 60] GeV2, (23)
which are very close to the intervals obtained in Ref. [33]
from the analysis of the two-point sum rules. The same is
true for the M22 and s
′
0 which characterize in the process
the final tetraquark state X(4274) (see, Ref. [38])
M22 ∈ [4, 6] GeV2, s′0 ∈ [20, 22] GeV2. (24)
In deriving the intervals in Eqs. (23) and (24) we apply
the following criteria: for the pole contribution
PC =
Gi( M
2
max, s, q
2)
Gi( M2max,∞, q2)
≥ 0.5, (25)
for the contribution of Dim5 term
GDim5i (M
2
min,∞, q2)
Gi(M2min,∞, q2)
≤ 0.05. (26)
Let us emphasize that we vary the parameters M21 and
M22 independently, without any additional assumption
about a functional relation between them.
It is not difficult to see that in these domains of pa-
rameters the constraints imposed on Gi(M
2, s0, q
2) are
satisfied. In fact, at maximal values of the Borel param-
eters the pole contribution to the sum rule with ρ1(s, s
′),
for example, equals to 0.56. At the lower limits of the
Borel parameters contribution of Dim5 term amounts to
1.5% of the full result. The similar estimates are valid
also for the other sum rules, as well.
In Fig. 2 we plot the form factor G1(q
2) as a function
of the Borel parameters. As is seen, the predictions for
G1(q
2) contain a residual dependence both on the Borel
and continuum threshold parameters which is typical for
sum rules calculations. Nevertheless, these ambiguities
that generate final errors remain within limits allowable
for such kind of computations.
In order to obtain the full width of the decay Zs →
X(4274)lνl one has to integrate the differential decay
rate dΓ/dq2 within allowed kinematical limits m2l ≤ q2 ≤
(m − mX)2. But in the case of l = e, µ leptons the
lower limit of the integral is considerably smaller than
1 GeV2, but the perturbative calculations lead to reli-
able predictions for momentum transfers q2 > 1 GeV2.
Therefore, we use the usual recipe by replacing the tran-
sition form factors in the whole integration region by fit
functions which for perturbatively allowed values of q2
coincide with Gi(q
2).
There are numerous analytical expressions for the fit
functions. In the present paper we use
Fi(q
2) = f i0 exp
[
c1i
q2
m2fit
+ c2i
(
q2
m2fit
)2]
, (27)
where f i0, c1i, c2i and m
2
fit are fitting parameters. In Fig.
3, as an example, we depict the sum rules results for the
transition form factor G1(q
2) and corresponding fit func-
tion F1(q
2). It is seen that Eq. (27) leads to reasonable
agreement with QCD sum rules results. The fitting pa-
rameters for all of the form factors are collected in Table
6Fi(q
2) f i0 c1i c2i m
2
fit (GeV
2)
F1(q
2) 5.97 4.68 −2.81 53.29
F2(q
2) 44.39 1.39 18.08 53.29
F3(q
2) −10.50 4.39 1.78 53.29
F4(q
2) −4.28 7.01 −20.73 53.29
TABLE I: The parameters of the fit functions used in evalu-
ating the Γ.
I.
QCD sum rules
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FIG. 3: The fit function F1(q
2) for the transition form factor
G1(q
2).
As a result, for the full decay width of the processes
Zs → X(4274)lνl, l = e, µ and τ we find
Γ (Zs → Xeνe) = (4.51± 1.56) · 10−9 MeV,
Γ (Zs → Xµνµ) = (4.47± 1.54) · 10−9 MeV,
Γ (Zs → Xτντ ) = (9.03± 3.16) · 10−10 MeV,(28)
which are the final results of the present investigations.
IV. ANALYSIS AND CONCLUDING NOTES
The width of the Zs tetraquark’s dominant strong
decay channel Γ(Zs → Bcφ) = (168 ± 68) MeV was
evaluated in Ref. [33]. The S-wave decay Zs →
Bcφ runs through the superallowed Okubo-Zweig-Iizuka
mechanism, and constitutes the main part of the Zs
tetraquark’s full width. Even neglecting its other strong
decays and comparing ∼ 168 MeV with widths from
Eq. (28) one can see that semileptonic transitions of Zs
are rare processes. Smallness of these decay widths is
connected mainly with the CKM matrix element |Vbc|.
The width of the Zs tetraquark’s semileptonic decay
that run through weak transition c → s + W+ ow-
ing to |Vcs| may be larger approximately by a fac-
tor 103 than Γ[Zs → X(4274)lνl], but then the final
tetraquark is a state with unknown properties and pa-
rameters, which should be explored separately. The pro-
cess Zs → X(4274)lνl can manifest itself through the
decay chain Zs → X(4274)lνl → J/ψφlνl with two con-
ventional mesons in the final state. It is evident that the
process Zs → J/ψφlνl is also a rare decay channel of the
tetraquark Zs.
Nevertheless, considered processes may provide valu-
able information about the structure of the resonances
Zs, X(4140) and X(4274). In fact, as we have em-
phasized above the states X(4140) and X(4274) have
the same spin-parities, and presumably are members
of the color triplet and sextet multiplets, respectively.
Our investigations demonstrate that the open charm-
bottom color sextet tetraquark Zs can decay to the color
sextet resonance X(4274) through the process Zs →
X(4274)lνl, whereas the matrix element of the semilep-
tonic transition Zs → X(4140)lνl is identically equal to
zero.
There may in general exist the open charm-bottom
tetraquarks Z ′s with triplet color structure
[
3c
]
sc
⊗
[3c]sb, which constitute another multiplet of open charm-
bottom states. The spectroscopic parameters of these
tetraquarks should differ from those of the Zs states: this
was proved in the case of the resonances X(4140) and
X(4274). It is not difficult to demonstrate that an axial-
vector state Z ′s = [cs][bs] with triplet color structure and
interpolating current
J ′µ(x) = s
T
aCγ5cb
(
saγµCb
T
b − sbγµCb
T
a
)
(29)
decays to the final state X(4140)lνl. At the same time
the matrix element of transition Z ′s → X(4274)lνl is iden-
tically equal to zero. In other words, the weak interac-
tions preserve the color structure of the involved axial-
vector tetraquarks: weak transitions from color triplet
to sextet and from color sextet to triplet states are for-
bidden. Hence, semileptonic decays considered in the
present work may clarify the underlying structure both
of the initial Zs and final tetraquarks. The multiplet
of color triplet open charm-bottom tetraquarks Z ′s, their
spectroscopic parameters, strong and semileptonic decays
deserve detailed investigations, but this task is beyond
the scope of the present work.
It is instructive also to compare mechanisms of
tetraquarks’ and conventional mesons’ hadronic and
semileptonic decay modes. The hadronic decays of
tetraquarks to two conventional mesons are their dom-
inant decay channels. The reason is that the tetraquarks
are resonances composed of four-quarks and their strong
transitions to two ordinary mesons do not require a cre-
ation of additional quark-antiquark pair which is neces-
sary in decays of conventional mesons built of two valence
quarks. Therefore, in the lack of a gluon exchange these
channels do not suffer from the corresponding suppres-
sion. On the contrary, the semileptonic decays of these
particles proceed through the weak transition of a ini-
tial quark to a final quark and the weak boson, and it
is the same for both the tetraquarks and conventional
mesons: the difference between them is connected only
with a number of the spectator quarks. Therefore, ex-
7perimental studies of semileptonic and strong decays of
resonances which are candidates to exotic states may give
an interesting information on nature of master particles:
the relevant problems deserve further detailed analysis.
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Appendix: The correlation function ΠOPEµαν (p, p
′, q2),
and the functions Ai(q
2), Aij(q
2)
In this Appendix we have collected the formulas for
the correlation function ΠOPEµαν (p, p
′, q2) in terms of the
quark propagators, as well as explicit expressions of the
functions Ai(q2), Aij(q2) that enter to expression of the
differential decay rate dΓ/dq2.
ΠOPEµαν (p, p
′, q2) = i2
∫
d4xd4ye−ipxeip
′y
{
Tr
[
γ5S˜
aa′
s (y − x)γ5Sbb
′
c (y − x)
]{
Tr
[
γν S˜
ib
c (−y)(1− γ5)γαS˜a
′i
b (x)γµS
b′a
s (x− y)
]
+Tr
[
γν S˜
ib
c (−y)(1− γ5)γαS˜b
′i
b (x)γµS
a′a
s (x − y)
]
+Tr
[
γν S˜
ia
c (−y)(1 − γ5)γαS˜a
′i
b (x)γµS
b′b
s (x − y)
]
+Tr
[
γν S˜
ia
c (−y)(1− γ5)γαS˜b
′i
b (x)γµS
a′b
s (x − y)
]}
+Tr
[
γ5S˜
aa′
s (y − x)γνSbb
′
c (y − x)
] {
Tr
[
γ5S˜
ib
c (−y)(1− γ5)γαS˜a
′i
b (x)
×γµSb
′a
s (x− y)
]
+Tr
[
γ5S˜
ib
c (−y)(1− γ5)γαS˜b
′i
b (x)γµS
a′a
s (x− y)
]
+Tr
[
γ5S˜
ia
c (−y)(1− γ5)γαS˜a
′i
b (x)γµS
b′b
s (x− y)
]
+Tr
[
γ5S˜
ia
c (−y)(1− γ5)γαS˜b
′i
b (x)γµS
a′b
s (x− y)
]}}
, (A.1)
where
S˜s(b,c)(x) = CS
T
s(b,c)(x)C,
Here Ss(b,c)(x) are s, b and c quarks’ propagators, explicit
formulas of which have been written down in the main
text of the paper.
The functions Ai(q2) and Aij(q2) are determined by
the expressions:
A1(q2) = 1
m2m2Xq
4
[
m4X + m˜
4
1 + 2m
2
X
(
4m2 + m˜21
)] [
q4m2l
(
2m2X +m
2 + m˜21
)−m4l m˜41 + q4 (m4X + m˜41 − 2m2Xm21)] ,
A2(q2) = (q
2 −m2l )
m2m2Xq
2
(
m4X + m˜
4
1 − 2m2Xm21
) [
m2lm
2
2 + q
2(m22 + q
2)
]
,
A3(q2) = 1
16m6m2Xq
4
(
m4X + m˜
4
1 − 2m2Xm21
)2 [
q4m2l (2m
2
2 − q2)−m4l m˜42 + q4
(
m4X + m˜
4
1 − 2m2Xm21
)]
,
A4(q2) = 1
m2m2Xq
4
[
8m2m2Xm˜
4
2q
4 +m22(m
4
2 + 12m
2m2X)q
6 − 2(m42 + 4m2m2X)q8 +m22q10 + 8m2lm2m2X(q2 − 2m22)q4
−m4l (8m2m2Xm˜42 + q2m22m˜42 + 2q4m42 − q6m22)
]
,
A12(q2) = 2(m
2
l − q2)
m2m2X
[
m4X(m
2
1 + 2q
2)−m6X − m˜61 +m2X
(
m4 + 2q2m2 − 3q4)] ,
A13(q2) = 1
2m4m2Xq
4
[
m6X + m˜
6
1 −m4X(m21 + 2q2)−m2X
(
m4 + 2m2q2 − 3q4)] [m2l q4(2m21 − q2)−m4l m˜42
+q4
(
m4X + m˜
4
1 − 2m2Xm21
)]
,
8A23(q2) = q
2 −m2l
2m4m2X
(
m4X + m˜
4
1 − 2m2Xm21
)
,
where
m21 = m
2 + q2, m˜21 = m
2 − q2, m22 = m2 +m2X , m˜22 = m2 −m2X .
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